In the present paper data are given on the distribution of energy in the spectrum of the carbon arc under various conditions of operation. The problem was attacked by two methods: (1) Comparative data are given on the sun, the gas-fiUed tungsten lamp, the quartz mercury arc, and the arc between metal rods of tungsten and of nickel.
The data thus summarized ' for the benefit of phototherapists foreshadowed further investigation in this domain.
The present investigation was carried out in cooperation with the research laboratory of the National Carbon Co., who provided extensive lamp equipment and a part of the personnel.
In Table 1 is given a summary of the various samples of material examined and the number of the illustration in which the spectral energy curve is depicted. The distribution of €ner<ry in the iiUra-violet and in the visible spectnim was determined by means of a spectropyrheliometer, leaving a quartz prism, and plano-convex lenses 6 cm in diameter and 20 cm focal length.^In order to eliminate the effect of scattered radiation, a shutter of window glass was used in making the measurements of wave lengths less than 300 m/t, a red glass for the spectral region from 300 to 590 m^n, and an aluminum shutter for wave lengths greater than 590 m/n.
In this apparatus the spectrometer arms are fixed and the thermopile is moved through the spectrum. For this purpose the thermopile mounting is provided with two screws and graduated scales, one for displacing the exit slit in the sj^ectrum and the other for focusing.
The sides of the exit slit, facing the prism, are covered with white paper which is painted with a fluorescent material;^for example, anthracene dissolved in benzol. By this means one can view the ultra-violet spectrum by the fluorescence produced and determine at once the ultra-violet emission of the material in the arc.
The spectrometer slit was 1 mm in width, which was sufficient to resolve the wide bands (but not the fine lines) and provided sufficient intensity in order to make it possible to measure the extreme ultraviolet in the carbon arc on low currents. The observed galvanometer deflections are reduced from prismatic to normal spectrum by correcting for slit width, just as though the spectrum were continuous.
In the illustrations the ordinates marked " Galv. Defl The '' white-flame '' and " carbenrion " carbons contain, among other things, the fluorides of the rare earths remaining after the removal of the thorium from monazite sand.
The '" blue-flame " carbons contain iron which is known to have an emission spectrum of many lines, especially in the ultra-violet.
The " yellow-flame " carbons contain calcium, and the " red-flame In this paper the wave lengths are in millimicrons (m/x), the ultraviolet being the region from wave lengths 170 to 400 m/x or 1,700 to 4,000 A. U.
I. THE SUN
In Figure 18 is given the spectral energy distribution of the sun for average atmospheric transmission at sea level (Washington, The temperature of the effective radiating layer in the sun is up to 6,000°C, as measured at sea level. The intensity of the shortest ultra-violet solar rays transmitted at our atmosphere is extremely small. Fabry^^found that at sea level the intensity at 290 m/x is only one-millionth as great as at 3.5 m/x (where the mercury arc has a strong emission line) and only one fortj^-millionth of the maximum solar intensity which is in the visible spectrum. Owing to absorption by the earth's atmosphere at sea level, no radiation of wave lengths shorter than about 290 m/x reaches the earth. Similarly, owing to the opacity of the earth's atmosphere, but little infrared radiation of wave lengths longer than 3,000 m/x is received from the sun. As shown in Table 2 O5>o t^o>e«5e>«oO'-iOo»oot>.eooot^-oe>40»r^rooo'COr~-<o<'0 C50 CO^o» (^00 r^po CO M » CO <»< r-00 -OS to t^to t^00 00 •* e>» ui w >o -4e^gjgj'-<oco .-;.-^e^ic^Mr-;'v'(No60'0«diotDc>o»occe>«'«r.-t oco CO o» "ti lo ooo -' -"f -^a> 00 to NO i~-e^lo-f ooooo to -CO <oiĉ Measurements were made on a 1,500-watt gas-filled tungsten lamp, but without a reflector such as used in a therapeutic lamp. The reflector would increase the total intensity in the direction observed.
The ultra-violet radiation emitted from the gas-filled tungsten lamp is extremely small (see Table 2 ). The visible radiation is only 3 to 4 per cent of the total emitted. The bulb, which was of clear glass, absorbs practically all of the radiation of wave lengths longer than 3,000 mju, and it absorbs completely all the radiation of wave lengths greater than 4,500 m/x. The low-temperature radiation from the heated glass bulb (some 11 per cent of the total) can not penetrate deeply into the skin. The presence of powdered copper and tungsten in the cored carbon arc does not seem to appreciably increase the ultra-violet component.
•
<^OOm/T his conclusion is based upon the results obtained by the two methods of measuring the ultra-violet radiation; and it is disappointing especially for tungsten, in view of the fact that the latter has been put forward for therapeutic purposes. However, considering the expense involved, the commoner metals, such as iron (" blue flame "), cobalt, and nickel fortunately emit the desired rays. As shown in Figure 16 , the blue fhinie is especially rich in ultra-violet radiation of wave lon<2:tlis 2-^0 (o ;V20 m/x wlioi-e all the other carbons operated on 
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tofore no radiometric data were at hand showing the energy distribution of this remarkable arc.
EFFECT OF THE CURRENT
It is well known that the strength of the electric current greatly affects the radiation emitted by the carbon arc. This is illustrated [Voi.21 in Figure 4 , which gives the ultra-violet spectral energy distribution of a 12.7 mm neutral-core carbon arc on 12 and on 2C amperes.
The rapid increase in the intensity of the cyanogen band at 389 m/x in changing from 5 to 2G amperes is especially noteworthy. Similar measurements on the blue-flame, yellow-flame, red-flame, and whiteflame carbon arcs are illustrated in Figures 10, 12, 13 , and 17. In the latter illustration it is to be noted that on the higher currents the intensities were reduced in scale, and both a. c. and d. c. were used.
A still more effective way of demonstrating the importance of using sufficient current in the carbon arc is illustrated in Figure 21 , which gives the isochromatic energy curves for currents ranging from 5 to 30 amperes. Selecting typical emission bands in the ultraviolet these curves show that by increasing the current five to sixfold the intensity in some cases is increased as much as fiftyfold.^^3 Evidently the emission of the cyanogen band is strongest in the carbon arc, and, as shown in Figure 11, In Figure 18 The data on the carbon arc given in Table 2 Comparative data are presented also of the spectral energy distribution of the sun, of a 1,500-watt gas-filled tungsten lamp, the quartz mercury arc; also of the radiation emitted by the arc between rods of nickel and of tungsten.
Data on the carbon arc were obtained by two methods: (1) Spectral energy curves in the ultra-violet and the visible spectrum by means of a quartz spectroradiometer and (2) The effect of varying the electric current, also the effect of using d. c. and a. c, was investigated, and it was found that in some parts of the ultra-violet spectrum the emission bands are more intense on d. c. than on a. c. It is shown that by using the proper size of carbon electrode the ultra-violet radiation is increased twenty to fifty fold.
The effect of combinations of metal core and neutral core carbons was studied. Data are given alsx) on high-intensity arcs using currents up to 125 amperes. The general effect is to increase the emission of ultra-violet radiation of very short wave lengths.
The question of penetration is discussed, and it is shown that radiation of wave lengths greater than 1,400 m/x can not penetrate deeply into the body tissue.
The observations, as a whole, show that the ultra-violet radiation emitted is a complex function of electrical current through, and the chemical composition of, the electrodes.
The high-intensity arc, using 90 to 125 amperes, will be useful in large installations. By choosing the proper kind of cored carbon electrodes and the proper working distances, the same relative proportions of ultra-violet and total radiation can be obtained from a 20-ampere arc as is obtained from the high-power installation. This is fortunate, as it will be possible to meet all requirements in light therapy. Washington, July 30, 1926. 
